Posterior nutcracker syndrome occurs when a retroaortic left renal vein becomes compressed between the abdominal aorta and the lumbar spine. Although open surgical approaches remain the treatment of choice, endovascular stenting has been used successfully. We describe a case of a 28-year-old man who presented with microscopic hematuria, leftsided flank pain, and testicular swelling. Computed tomography findings were consistent with posterior nutcracker syndrome. He underwent a novel hybrid operation that included left renal vein transposition followed by endovascular stenting. Repeated imaging at 3 and 12 months revealed a patent stent with complete resolution of symptoms. (J Vasc Surg Cases and Innovative Techniques 2017;3:142-5.) The left renal vein (LRV) takes a retroaortic course in 0.5% to 3% of the population.
The left renal vein (LRV) takes a retroaortic course in 0.5% to 3% of the population. 1 Posterior nutcracker syndrome (PNCS) occurs when the patient presents with symptoms related to the compression of this retroaortic LRV (between the aorta and the lumbar spine). 2 This abdominal venous entrapment can lead to venous hypertension, manifested as flank pain, hematuria, varicocele, and ureteropelvic junction obstruction. 2 We describe a case of PNCS treated with a novel hybrid operation that included LRV transposition followed by endovascular stenting. The patient gave consent for the publication of this report.
CASE REPORT
We describe a 28-year-old man with past medical history significant for cerebral palsy and cerebrovascular accident at birth, now with residual left-sided weakness and scoliosis, who presented with left-sided flank pain and hematuria. The pain had persisted for several weeks with radiation to the left groin and notable testicular swelling. He experienced no dysuria, nocturia, stranguria, or frequency changes. He reported being sexually active with multiple partners and quitting smoking a year before after a 2. 
OPERATIVE DESCRIPTION
Initially, inferior venacavography and left renal venography were performed through the right common femoral vein. This demonstrated flattening of the LRV (Fig 2) and reflux of contrast material into the left gonadal vein. A pressure gradient of 1 mm Hg between the LRV and the inferior vena cava (IVC) was measured. Then, through a midline laparotomy, exposure of the aorta, IVC, and retroaortic LRV was obtained. Under systemic heparinization (with an activated clotting time of >225 seconds), multiple tributaries of the LRV were ligated and divided. The LRV was detached from the IVC, and this was closed. The LRV was then transposed anterior to the aorta and reattached at a more distal portion of the IVC. The LRV was sewn in an end-to-side fashion by a venoplasty using bovine pericardium to avoid tension in the anastomosis and to augment the short retroaortic LRV. Once this portion of the operation was completed, we proceeded endovascularly with left renal venography, which allowed sizing of the newly transposed LRV. An 18 Â 40-mm self-expanding Wallstent (Boston Scientific, Marlborough, Mass) was placed into the LRV (Fig 3) . Subsequently, to prevent migration and embolization of the Wallstent, this stent was sewn into place using interrupted 5-0 Prolene sutures before closure of the abdomen. The postoperative course was uneventful. The patient was started on dual antiplatelet therapy with aspirin 81 mg and clopidogrel 75 mg daily for the first 3 months, which was then switched to aspirin 325 mg. Repeated computed tomography venography at 3 and 12 months after the operation demonstrated a patent stent. Furthermore, the patient reported resolution of hematuria, flank pain, and testicular edema.
DISCUSSION
The treatment of nutcracker syndrome aims to reduce LRV hypertension and subsequent pelvic congestion. This can be achieved through open surgical or endovascular approaches. However, because of the rarity of this anomaly and the lack of long-term follow-up of patients in the endovascular arm, the open surgical option has remained the "gold standard" of therapy. Of the PNCS cases reported since 2013, 5 of 10 were corrected surgically, whereas only 2 were corrected endovascularly (Table) .
The open surgical treatment includes LRV transposition with or without venoplasty. Other alternative surgical options, including renocaval bypass, renal autotransplantation, and nephrectomy, have been reported. 3 Complications of the open approach are similar to those of other intra-abdominal procedures, including paralytic ileus, retroperitoneal hematoma or hemorrhage, and persistent pelvic pain. Some reports have shown that patients with lower pressure gradients may experience less impressive results as these gradients may persist after surgery. 4 Hematuria was found to decrease shortly after surgery, recurring only intermittently or with additional trauma. cases of successful endovascular stenting of anterior nutcracker syndrome with resolution of symptoms. Variable stents from 10 to 20 mm in diameter and 40 to 60 mm in length have been used. Size selection for the stent is highly reliant on precise LRV measurements by intravascular ultrasound before placement, and it is usually oversized up to 20% to prevent migration. 6 The ideal stent should have high radial strength with little shrinkage in length to allow accurate placement. 6 To date, endovascular intervention has been described in only two cases of PNCS that used a 10 Â 37-mm balloon-expandable stent and a 14 Â 40-mm selfexpandable stent, respectively (Table) . 7, 8 Both cases were successful at eliminating hematuria and flank pain. However, complications, such as stent thrombosis and erosion, are feared. 6 Although endovascular stenting is a less invasive option, further follow-up specific to the area of PNCS is warranted before it can be deemed a first-line treatment of PNCS. It has been reported that after undergoing LRV transposition, patients will still have a 20% rate of reintervention in an endovascular fashion because of LRV stenosis or thrombosis. 9 Therefore, we propose this novel approach of immediate stenting at the time of LRV transposition not only to increase the radial strength of the vessel, preventing collapse or thrombosis, but also to avoid technically challenging reintervention at a later date. Furthermore, we think that posterior stent placement without LRV transposition unnecessarily predisposes young patients to the development of an aorto-LRV fistula or potential stent erosion into the spine, and long-term benefit of stenting is lacking. The timing of intervention also remains controversial. It has been proposed that patients younger than 18 years can undergo a 2-year period of conservative therapy, given a high likelihood of spontaneous remission in up to 75% of patients. 2 No such specification is made for symptomatic adult patients. Our patient received surgery at the 8-month mark because of persistent flank pain not amenable to analgesics. Similarly, there are no standard guidelines for antiplatelet or anticoagulation therapy. Most cases report the use of one of these agents for at least 2 to 3 months. 10 Further observation will be required to define ideal surgical vs endovascular candidates.
CONCLUSIONS PNCS remains a rare anomaly that can be effectively relieved when it is symptomatic by a novel combination of surgical transposition and endovascular techniques. This case highlights the importance of recognizing the potential vascular origin of flank pain. A longer followup time and further experience are required to fully evaluate the efficacy and safety of this novel hybrid technique.
